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 １ 論文題目（英文の場合は，和訳を付記すること。） 
A Mechanical Analysis of Anterior Cruciate Ligament and Lachman Test Using  
Force Sensor                                   
力覚センサを用いた前十字靭帯及び Lachman Testの力学的解析             
 
 ２ 要  旨（和文 2,000字程度又は英文 800語程度にまとめること。） 
  There are many joints in the human body. The knee joint is one of the important 
joints to support the body weight. The human body is supported by the complex 
movement of the knee while performing sports and daily life activities. The knee joint 
includes the anterior cruciate ligament (ACL). The ACL prevents the excessive 
anterior translation and internal rotation of the tibia, which is one of bones 
configured with the knee joint. The sidestep cutting while performing sports often 
ruptures the ACL. The diagnosis and surgery of the ACL have been brought to the 
public attention. This study focuses on the maneuver to diagnose the ACL and the 
reconstruction surgery of the ACL. The purpose of this study is a mechanical analysis 
of the “force” affected to the ACL. The analyzed force can be used for supporting the 
diagnosis and surgery. This study consists of the diagnosis and surgery parts with 
experiments and results.                                                         
  The diagnosis part of this study selects Lachman test from some maneuvers 
which are used to diagnose the ACL. The Lachman test is the most reliable and 
sensitive maneuver. The examiner of the maneuver diagnoses the ACL rupture by 
feeling “endpoint” which is a phenomenon during the Lachman test. It is important to 
change the force on the fingers of the examiner. Then, the diagnosis part proposes 
measurement system of the force on the fingers of the examiner by using force sensor 
(finger force sensor). The force during the Lachman test shows hardness of the knee. 
The hardness is indicated as an evaluation value calculated form the proposed 
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system. The magnitude and difference between the right and left knees of the 
evaluation values show baseline to diagnose the ACL rupture. On the other hand, the 
surgery part proposes a micro-force sensor to measure the intra-articular 
measurement (IAM) tension. The IAM tension is compared with the extra-articular 
measurement (EAM) tension in this part. 20 N initial tension measured by the EAM 
in the ACL reconstruction is most appropriate. However, function as the ACL to 
prevent the excessive anterior translation of the tibia, is included in the IAM tension. 
There is no report to measure the IAM tension. This part considers the initial tension 
transferred to the intra-articular by using the micro-force sensor in the reconstructed 
ACL.                                                                            
  Experiments of the diagnosis part included a basic experiment in which an 
examiner pulled elastic and string, and three practical experiments in which there 
were 13 control subjects and two patient subjects. Statistical analysis compared every 
results of the experiments by using t-test. Comparison between string and elastic in 
the basic experiment had a significant difference. Both patient subjects had 1 % 
significant differences. The results of practical experiments provided the difference 
between the right and left knees by percentages (100 % means a large value in the 
evaluation values of each subjects). The obtained differences were 9.47±7.80 % (13 
control subjects) and 67.23±6.26 % (two patient subjects). In conclusion of this part, 
we assume that there is a threshold value in these differences between controls and 
patients. The threshold value of the difference expects that an informative baseline to 
diagnose the ACL injury.                                                          
  An experiment of the surgery part measured the IAM and EAM tensions of six 
fresh frozen cadaveric knee specimens by using the commonly ACL reconstruction. 20 
N initial tensions of the all specimens were measured on by using the EAM tension 
device when the flexion angles of specimens were controlled on 20° by using 
electromagnetic device. The resulting tensions were 13.6±3.9 N (IAM) and 18.7±1.3 N 
(EAM). A significant difference between them was observed (p-value was 0.026). The 
IAM tension was approximately 70 % compared with the EAM tension. Then, this 
study assumes that friction between the bone tunnel and the ligament, and surface of 
the edge on the bone tunnel affected to the IAM tension. The EAM tension did not 
directly transfer to IAM tension. In conclusion of this part, it is important to consider 
that the initial tension decreases on intra-articular in the ACL reconstruction.     
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  This study discussed the force affected to the ACL. Both diagnosis and surgery 
parts proposed measurement devices for the force which was not measured in the 
previous studies. The experiments shows one of the catalysts to reconsider the 
hardness of the knee during the diagnosis and the initial tension of the surgery. The 
future works are considering the baseline of hardness to diagnose the ACL rupture, 
and most suitable initial tension of the IAM by increasing the number of 
experiments.                                               
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
                                         
 
